Background: Metastatic colorectal cancer (mCRC) frequently occurs in elderly patients. However, data from a geriatric tailored randomized trial about tolerance to and the efficacy of doublet chemotherapy (CT) with irinotecan in the elderly are lacking. The benefit of first-line CT intensification remains an issue in elderly patients. Patients and methods: Elderly patients (75+) with previously untreated mCRC were randomly assigned in a 2 × 2 factorial design (four arms) to receive 5-FU (5-fluorouracil)-based CT, either alone (FU: LV5FU2 or simplified LV5FU2) or in combination with irinotecan [IRI: LV5FU2-irinotecan or simplified LV5FU2-irinotecan (FOLFIRI)]. The CLASSIC arm was defined as LV5FU2 or LV5FU2-irinotecan and the SIMPLIFIED arm as simplified LV5FU2 or FOLFIRI. The primary end point was progression-free survival (PFS). Secondary end points were overall survival (OS), safety and objective response rate (ORR). 
introduction
Colorectal cancer occurs mainly in elderly patients. Recent estimations showed that, in France, 45% of patients diagnosed with colorectal cancer are 75 years old or older (http://www.invs. sante.fr/applications/cancers/projections2010). Specific data for the treatment of metastatic colorectal cancer (mCRC) in elderly patients are scarce. Until recently, elderly patients were underrepresented in clinical trials [1] . Moreover, the main studies that established the intensification of chemotherapy included few or highly selected elderly patients [2, 3] . In a series of selected fit elderly patients, irinotecan or oxaliplatin combined with fluorouracil chemotherapy was well tolerated and was as effective as in younger patients [4] . A post hoc analysis of randomized clinical trials comparing combined irinotecan and fluorouracil versus fluorouracil alone suggested that the benefit of irinotecan on progression-free survival (PFS) and overall survival (OS) was preserved in patients over 70 years [5] . Nevertheless, patients over 75 years represented only 6.9% of the randomized patients. A prospective phase II study evaluated the FOLFIRI regimen in patients over 70 years and concluded that the treatment was well tolerated and effective in selected elderly patients [6] . A post hoc analysis of randomized trials comparing doublet with oxaliplatin versus fluorouracil alone suggest that the benefit of oxaliplatin is preserved in patients over 70 years [7] . Nevertheless, a randomized phase III study specific for frail or elderly patients did not demonstrate a significant gain in PFS or OS of fluoropyrimidine + oxaliplatin compared with fluoropyrimidine alone for mCRC treatment [8] . The benefit of doublet chemotherapy is therefore a concern in elderly patients. Moreover, doublet chemotherapy with irinotecan had never been compared in a prospective randomized trial in elderly patients. Age threshold for specific care in elderly patients is a matter of debate. The treshold for geriatric oncology trials is usually 70 or 75 [9] . A threshold of 75 years was chosen by the French authorities to define oncogeriatry, as frailty and comorbidities are more frequent than in patients aged 70-75.
Bolus fluorouracil is associated with increased toxicity in elderly patients [10] . The bimonthly fluorouracil and leucovorin regimen 'LV5FU2', which associates 2 days of bolus fluorouracil and 2 days of fluorouracil over 22 h of continuous infusion, is less toxic than the monthly 5-day bolus fluorouracil regimen [11] . The LV5FU2 regimen was modified in that the D2 fluorouracil bolus was suppressed and the continuous infusion of fluorouracil increased to 46 h in order to be less burdensome for the patients. This 'simplified LV5FU2' regimen was combined with irinotecan to become FOLFIRI [12] . Nevertheless, the simplified LV5FU2 regimen has never been directly compared with the classic LV5FU2 with or without irinotecan.
The FFCD 2001-02 trial is a randomized phase III study evaluating chemotherapy with classic LV5FU2 regimen or simplified LV5FU2 regimen with or without irinotecan in patients with mCRC aged 75 or more. A preliminary analysis of the geriatric factors revealed that cognitive and functional impairment were predictive of severe toxicity or unexpected hospitalization [13] . The main analysis is presented here.
patients and methods

patient selection
Patients aged ≥75 years with histologically confirmed unresectable mCRC were eligible (supplementary Material, available at Annals of Oncology online), and written informed consent was obtained for each patient. 
statistical analysis
This trial was designed to compare PFS between two arms: FU and IRI or CLASSIC and SIMPLIFIED. To demonstrate an improvement in the median PFS from 5.5 to 7.9 months; 240 events for two arms (282 patients for two arms) were required (two-sided α = 5%, β = 80%). The primary end point, PFS, was defined as the time from randomization to first progression (defined by RECIST 1.0 criteria) or death (all causes). Patients alive without progression were censored at the last follow-up date.
Secondary end points were OS, defined as the time between randomization and death (all causes), objective response rate (ORR) and tolerance. Statistics are detailed in supplementary Material, available at Annals of Oncology online.
A planned interim analysis, based on safety data only reviewed by an independent committee, was carried out after the inclusion of 142 patients and led to continuation of the trial [14] .The cut-off date for the final analysis was 5 May 2011. Table S1 , available at Annals of Oncology online). The median age was 80 years (range 75-92 years).
treatment administration
Six patients in FU and five patients in IRI arm were not treated ( Figure 1 ). The median duration of the treatment was 3.5 months (range 0-23.6 months) in FU, 4.5 months (range 0-23.0 months) in IRI, 4.5 months (range 0-23.0 months) in CLASSIC and 3.6 months (range 0-23.6 months) in SIMPLIFIED (supplementary Table S2 , available at Annals of Oncology online). The planned irinotecan dose escalation from 150 to 180 mg/m 2 was performed in 56 (41.5%) patients with IRI. Treatment interruption was mainly due to disease progression in both arms. Nevertheless, there were more treatment interruptions for toxicity and patient refusal in IRI (supplementary Table S3 , available at Annals of Oncology online).
efficacy results
progression-free survival. The test for interaction was not significant (P = 0.44). No statistical difference was found: hazard ratio (HR) 0.84 [95% confidence interval (CI) 0.66-1.07], P = 0.15. Median PFS in FU was 5.2 months (95% CI 3.9-6.1) versus 7.3 months (95% CI 6.5-8.6) in IRI (supplementary Figure S1 , available at Annals of Oncology online, and Table 1 Figure S2A , available at Annals of Oncology online). Toxic death occurred in two patients in each group. There was no difference between CLASSIC and SIMPLIFIED for toxicity Table S7 , available at Annals of Oncology online).
When CLASSIC was compared with SIMPLIFIED, alkaline phosphatase ≤2 LN and CEA ≤2 LN were associated with prolonged PFS. CLASSIC group, alkaline phosphatase ≤2 LN, CEA ≤2 LN and <2 metastatic sites were associated with prolonged OS. subgroup analysis. There was no significant difference in treatment effect for either PFS (supplementary Figure S3A and C, available at Annals of Oncology online) or OS (supplementary Figure S3B and D, available at Annals of Oncology online) according to the considered covariates (supplementary Table S8 , available at Annals of Oncology online). discussion This is the first randomized prospective study specifically conducted in mCRC patients aged 75 or over. The main result of the study was that adding irinotecan to fluorouracil in the first line did not significantly prolong PFS. Our results are in line with the only other prospective study that compared fluoropyrimidine monotherapy with doublet chemotherapy (oxaliplatinbased) in 470 patients who were frail or aged over 70 [8] . In both studies, a trend toward an improvement in PFS was observed. A post hoc analysis of prospective trials with no specific age groups, which compared a combination of irinotecan plus fluorouracil with fluorouracil alone, showed that irinotecan improved PFS in patients over 70 years but not in patients over 75 years. The lack of difference in the older patients may have been due to their small number [5] . The PFS in both arms of this pooled analysis was longer than in both arms in our study. This could be explained by the highly selected patients in the former study. Our study may be more representative of real life for elderly patients. This underlines the need to conduct specific studies in elderly patients. The HR for PFS in all these studies are very close and always in favor of doublet chemotherapy: 0.84 in the FOCUS 2 study [8] , 0.80 in the pooled analysis of irinotecan studies [5] and 0.84 in our study. It must be pointed out that the improvement in the time to disease progression in the irinotecan registration study in 387 patients was 2.3 months [3] , which is very close to our result of 2.1 months. Our hypothesis was to improve PFS by 2.4 months, but this resulted in a sample size that was possibly too small. Thus, our study, like the FOCUS 2 study, might have been underpowered compared with the registration trials. Moreover, a recent compilation of published data of all of the above trials in elderly patients, including our study, suggested that doublet chemotherapy prolonged PFS: HR = 0.82 (95% CI 0.72-0.93) [15] .
In our study, as in the FOCUS 2 study [8] , there was clearly no effect of first-line doublet chemotherapy on OS. These two studies were not powered to demonstrate an OS benefit. Nevertheless, no OS advantage was observed in the compilation of published data, which included 1225 patients [15] . It must be pointed out that, in the FFCD 2001-02 study, 52% of the patients in the 5-FU arm received second-line chemotherapy. This high proportion of second-line therapy even in this elderly population could explain the lack of a survival advantage with first-line doublet chemotherapy. Several studies have demonstrated that OS in patients receiving a sequential treatment starting with fluoropyrimidine monotherapy was not improved by first-line doublet chemotherapy [16] [17] [18] . In our study, OS in combination arm was in line with previous phase II studies that evaluated fluoropyrimidine plus irinotecan in elderly patients [19, 20] . Nevertheless, OS was shorter than the 17.4 months OS observed in the Douillard et al.'s study [3] . This observation suggests that age remains a prognostic factor even in the metastatic setting. Several hypotheses, such as comorbidity-related impairment, a high rate of dose reduction or cancer-unrelated death, could be made to explain this poor result. Unfortunately, cancer-unrelated death was not collected in our study. Moreover, OS was slightly shorter than the 14.5 OS observed in the Folprecht et al.'s analysis [5] . This suggests that the results of non-geriatric specific studies are not reproducible in general geriatric populations.
In our study, the response rate achieved with fluorouracil plus irinotecan was higher than with fluorouracil alone. This result shows that the benefit of doublet chemotherapy for tumor shrinkage is sustained even in elderly patients. The same observation was reported in the FOCUS 2 trial [8] . Nevertheless, this higher response rate did not lead to a significant difference in surgical cure of metastases.
In our study, an OS benefit was observed in patients treated with CLASSIC. Surprisingly, there was no PFS advantage with CLASSIC despite a higher response rate. PFS is claimed to be a surrogate for OS [21] . Nevertheless, a recent large randomized trial reported prolonged OS in an experimental arm with no PFS or ORR improvement [22] . There is no obvious explanation for the prolonged OS with CLASSIC. It has been hypothesized that the depth of response may explain an OS advantage with no PFS benefit. Unfortunately, depth of response was not assessed in our study. It must be pointed out that there were some slight differences between CLASSIC and SIMPLIFIED. There was a trend for more patients over 80 years, more females, a greater number of metastatic sites, less second-and third-line therapy in SIMPLIFIED. More toxicities were observed in IRI and the time to toxicity occurrence was shorter in IRI. Febrile neutropenia was observed in 7.4% of patients in IRI group, which is higher than the 5.5% observed in the Douillard et al.'s study [3] . Thus, caution should be exercised before administering combination therapy in elderly and prophylactic treatment with granulocyte-colony stimulating factor should be considered. It must be pointed out that some geriatric parameters could predict the occurrence of toxicity independently of the treatment arm [13] . Toxicities were not reduced in SIMPLIFIED as it was expected.
Our study did not involve targeted therapy. Up to the end of our inclusion period, targeted therapy was seldom used in elderly patients. A survey of all French incident cases of mCRC in 2009 revealed that only 20% of elderly patient treated for mCRC received bevacizumab associated with first-line chemotherapy [23] . A recent phase III study reported a PFS improvement with the adjunction of bevacizumab to capecitabine in patients over 70 years [24] . Nevertheless, there were some differences between AVEX and FFCD 2001-02 study. Patients enrolled in AVEX study were younger (36% <75 years), had a better performance status (7% ECOG 2) and less frequently received second-line chemotherapy (37%) than patients enrolled in FFCD 2001-02 study. Moreover, as bevacizumab in combination with doublet chemotherapy with irinotecan demonstrated a survival advantage [25] , the choice of irinotecan doublet chemotherapy remained an issue in the elderly until our results.
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